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f olate- liposome- wtp53 gene or trans f errin-Iiposome-wtp53 
gene, in combination with either radiation or 
chemotherapy, yielded profound r esults in studies using a 
nude mouse model- The high efficiency of this system 
results in such a high degree of sensitization of JSQ-3 
and DU145 human xenograft tumors to radiation that not 
only is there growth inhibition of the cancer but, in 
some experiments, the pre-existing tumors and metastases 
were completely eliminated for an extended period of 
time. In some instances this period of time (more than 
one year disease-free) is such that the disease may be 
considered to be cured • Human breast cancer MDA-MB-4 35 
and human pancreatic cancer PANC I nude mouse xenograft 
tumors were also shown to be highly sensitized by the 
systemic administration of either f olate-liposome-wtp53 
or transf errin-liposome-wtp53 to chemotherapeutic agents 
including doxorubicin, cisplatin, docetaxel or 
gemcitabine . 

As used herein, the term "transfection" is used to 
describe the targeted delivery of a therapeutic molecule 
to eukaryotic cells using the ligand-liposome complex of 
the invention and entry of the therapeutic molecule into 
the cell by various methods, such as receptor mediated 
endocytosis. The target cell may be preferentially 
selected by the ligand of the complex such that the 
ligand will bind to a receptor that is differentially 
expressed on the surface of the target cell. 

Preferred pharmaceutical compositions of the 
invention are those that include, within a 
pharmacologically acceptable solution or buffer, a 
complex consisting of a ligand, a cationic-neutral 
liposome and a therapeutic molecule. 

Still further embodiments of the present invention 
We kits for use in the systemic delivery of a 
\herapeutic molecule by the ligand-liposome complex, as 
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lipids. In this instance, the cat ionic liposomes will be 
prepared at a molar ratio of cationic lipid to neutral 
lipid of about 1: (0.5-3), preferably l:(l-2). 
Transferrin will be mixed with the cationic liposomes and 
then DNA or other therapeutic molecules. The 
DNA/Lipid/Tf ratios will be in the range of about 1:(0.1- 
50) : (0.1-100) pg/nmol/pg, preferably about 1: (5-24): (6- 
36), and more preferably about 1 : (6-12) : (8-15) , 
respectively* 

Another unique feature of the complexes according to 
the invention is their evenly distributed relatively 
small size (mean diameter less than about 100 nm, 
preferably less than about 75 nm, and more preferably 
about 35-75 nm (50 nm average) diameter) . To reach the 
target tumor, the complexes must be resistant to 
degratory agents encountered in vivo, and also must be 
capable of passing through the blood vessel (capillary) 
walls and into the target tissue. The complexes of the 
present invention exhibit high resistance to degredation 
by elements present in serum. The permeable size of the 
capillaries in tumors is usually 50-75 nm, and the 
complexes which are less than about 75 nm diameter can 
pass easily through the capillary wall to reach the 
target. Based upon transmission electron microscopy, it 
appears that a unique onion-like layered structure of the 
LipF-DNA and LipT-DNA complex plays an important role in 
the small size and, consequently p high transfection 
efficiency of the complex of the invention observed in 
vitro and, in particular, in vivo. 

The ligand can be any molecule that will bind to the 
surface of the target cell, but preferentially to a 
receptor that is differentially expressed on the target 
^ell. Two particularly preferred ligands are folate and 
\nsferrin. The cationic lipid can be any suitable 
v ni c lipid, but dioleoyltrimethylairanonium-propane 



